Lion modcl is often defined on the image plan. As a cnnsc-
INTRODUCTION
In the last years the problem of the automatic multi-object detection and tracking in video sequences has become an important task for a wide range of applications. Computer vision, military and automatic surveillance systems, among the others, need reliable object tracking algorithms. In the literature we can find two main approaches. The first one is based on the target detection, where an a-priori knowledge of the object is necessary, for example in terms of shape, color, or texture cues. For each frame a predefined class of objects has to be detected and the tracking is performed by linking candidates between consecutive frames (1). In the second approach, the objects are encoded in a statespace representation (2), (3), where the state vectors (a featurebased representation of the targets) evolve over time driven by a dynamic model and noisy observations. Different hypothesis on the noise term, gaussian/non-gaussian, and on the dynamic model equations, tinearlnon-linear, give rise to different and well known tracking algorithms, e.g. Kalman filter, particle filtering. In this direction many efforts have been done to improve the definition of the state-space variables and theirs dynamics, increasing the complexity of the image processing algorithms. Unfortunately, the propagaSignal Processin8 Instilute (ITS-EPFL). http://itswww.epll.ch Oprratiom Research Grwp ROSO. http:/lroso.epR.&l qucncc, the reproduced object dynamic is not always mcaw ingful and reliable, being a 2D projection of the 111 real world. llic main contribution of this papcr is the combination of a proposed behavioral modcl for pedestrian dynamic, calibrated or1 real data. with a standard image processing technique, as image correlation, to approach the pedestrian tracking problem in real and complex scenarios. We assume to use a calibrated camera to have a unique correspondence between the image plane and the Top-View plane, i.e. the plane obtained with the camera ideally placed at the top of the scene to avoid occlusions between objects (4). The paper is structured as follows: in section 2 we formulate the problem from a Bayesian point of view, in section 3 and 4 we describe the likelihood and the prior terms used and in section 5 we combine them. We conclude presenting our results and final remarks in section 6.
THE BAYESIAN FRAMEWORK
The Bayesian theorem represents a natural theoretical framework to combine different sources of information, described by different probability distributions. In its more general formulation, the Bayes's low is described by the well known equation:
where the left side represents the posterior distribution as the result of the combination of the information coming from the data D, observations, and from a model M describing the underlying process. In our approach we identify the P(D1il.l) term with an image correlation matrix, opportunely normalized, and the P ( M ) term with the probabilities given by our discrete choice model for pedestrian behavior. 
NORMALIZED CORRELATION MATRIX
We compute the image correlation working on a foreground mask ( ohlaincd hy background subtraction ) for each frame. A detailed description of the pre-processing tasks we use can be found in ( 5 ) . Let be rr; the i-th target position at frame 1 and let be I.;. and &,, respectively, the searching region centcred around tr.; at time f and t + 1. We compute the correlation matrix bctwccn .TI and ?it by Fast Fourier Iransfnrms. The use of this method is justified, apart from its simplicity, by the assumption that a pedestrian can cover 'a maximum displacement over the time interval [t, t + I].
As a consequence: it is reasonable to assume that the true pedestrian position at frame t + 1 stays inside the +;+t region. In order to look al the correlation matrix as a matrix of probabilities and in order to use it in a Bayesian context, we normalize it as follows: whereC:,,+,(h, k ) represents ( h , k)-element of the original correlation matrix between T: and for the i-th pedestrian. Using the same notation, NC represents the normalized correlation matrix and the denominator is the sum of all the elements of the original correlation. This normalization implies the assumption that the probability of finding pedestrian i in a certain position, inside the +it, region, is proportional to the corresponding correlation value.
Estimation of the region size
Normally the size of the searching region represents a critical point. Assuming it as fix in size is surely a coarse approximation while the attempt to take into account the deformations due to the geometric perspective results in quite complicated appearance models, with a consequent increase in the computational cost. In our case, we use the a-priori information about the target object. We assume an averaged height of pedestrians equal to 160 cm, ignoring the error introduced by this approximation. As shown in figure 1, we
A DISCKFII'E CHOICE MODEL FOR PEDESTRIAN DYNAMIC
The I ' ( M ) term of equation 1 is provided by thc discrete choice model probabilities (6). (7), Without go into the model spccification dcvails (sec (8) and (9) for each alternative position j the decision maker i perceives an utility value U, which is a random variable. It is composed by a deterministic term V, which is a function of a set of attributes describing the alternatives and a set of socio-economic attributes describing the decision maker. Moreover, a random term e is added to capture the correlation between alternatives; the output of a discrete choice model consists in a set of probabilities, Pj, representing the probability of the alternativej to be chosen by pedestrian i in a randoni utility iua.rirnization decision process. Outside the choice set, the model probability is assumed to he zero.
The attributes used to define the V, term describe each alternative' in terms of the costs the decision maker should meet to move the next step on that alternative. They derive from the empirical knowledge we have about the pedestrian behavior and can be summerized in the following points:
tendency to keep the current speed value; tendency to keep Fig. 3 . The double nature of the correlation. The speed regimes and the radial directions make thc alterIlativeS to be correlated, This correlation has captured with specific hypnthcsis on the disturbance term oflhc utility function.
the current direclion; tendency ti) move, i f i t is possible, directly towards the fixed destination; tendency to avoid collisions with other pedestrians: lcndcncy 10 avoid crowded positions. We remind the reader to (8) for a detailed cxplanation about the operational definitions of these attributes.
They are combined as Ibllows:
where thc linear term L j is defined as: on the top-view planc and multiply it for the corresponding probability value given by the discrete choice model.
As a result we obtain a new probability matrix, the posterior, whose maximum point indexes define a position in the +&+, region, having the maximum probability to be the next position choosen by the current pedestrian 
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